The study population consisted of residents of the Worcester, MA, metropolitan area hospitalized with a discharge diagnosis of AMI and related coronary disease rubrics at all 11 teaching and Background-Limited information is available about relatively contemporary trends in the incidence and hospital casefatality rates of cardiogenic shock in patients hospitalized with acute myocardial infarction. The purpose of this populationbased study was to describe decade long trends (2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011) in the incidence and hospital case-fatality rates for patients who developed cardiogenic shock during hospitalization for an acute myocardial infarction. 
C ardiogenic shock is a devastating complication of acute myocardial infarction (AMI) and remains the most common cause of mortality in patients hospitalized with AMI. [1] [2] [3] [4] Early and aggressive revascularization for cardiogenic shock in the setting of AMI, in conjunction with the use of mechanical approaches to counter left ventricular pump failure in cardiogenic shock, has been shown to improve the short-term survival of these high-risk patients. [4] [5] [6] However, these and other recent advances in the management of patients hospitalized with AMI do not seem to have had a uniformly positive impact on the prognosis of patients who develop cardiogenic shock, because nearly half of those who experience this clinical complication continue to die during their acute hospitalization. 3, 4, 7, 8 A limited number of randomized trials and population-based studies have shown slight declines in the incidence and short-term mortality associated with cardiogenic shock during the past 2 decades, [9] [10] [11] whereas other studies have failed to observe declines in either the frequency of cardiogenic shock complicating AMI or improvements in its short-term survival. 12 In several prior publications from our population-based coronary disease surveillance system, we have described trends in the incidence and in-hospital death rates associated with cardiogenic shock in residents of central Massachusetts who were hospitalized at all area medical centers with confirmed AMI. [1] [2] [3] The purpose of this study was to provide a relatively contemporary perspective into decade long trends (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) in the incidence and hospital case-fatality rates (CFRs) associated with cardiogenic shock developing during hospitalization for AMI from the more generalizable perspective of a community-wide investigation.
community hospitals in central Massachusetts during 6 biennial study years between 2001 and 2011. These years were selected because of the availability of federal funding support and design features of this investigation; we have carried out surveillance for AMI in the central Massachusetts population on an approximate biennial basis since the inception of this population-based investigation. [13] [14] [15] [16] [17] The details of this study have been previously published. [13] [14] [15] [16] [17] In brief, potentially eligible patients who were hospitalized for acute coronary disease and related disease rubrics were identified through the review of computerized hospital databases of patients with International Classification of Disease discharge diagnoses consistent with the possible presence of AMI. The medical records of all potentially eligible patients who had to be residents of central Massachusetts since this study is population-based were reviewed in a standardized manner, and the diagnosis of AMI was confirmed according to pre-established criteria that have been previously described. [13] [14] [15] [16] [17] Cardiogenic shock was defined as a systolic blood pressure of <80 mm Hg in the absence of hypovolemia and associated with cyanosis, cold extremities, changes in mental status, persistent oliguria, or congestive heart failure as recorded in hospital medical records. [1] [2] [3] The definition of cardiogenic shock remained the same during all periods studied. This disorder was defined, so that patients with classic signs and symptoms of this clinical syndrome would be included. Data on cardiac index or left ventricular ejection fraction findings were, however, not included as part of our working definition for cardiogenic shock in this study. Among the 5782 patients with confirmed AMI during the years under study, 96 were excluded because of the presence of cardiogenic shock at the time of hospital presentation.
Information was abstracted from the hospital medical records of greater Worcester residents with independently validated AMI by trained nurse and physician reviewers. Information was collected with regards to patient's baseline demographic characteristics, medical history, clinical findings, and hospital management practices, including the use of cardiac medications and specialized cardiac diagnostic and interventional procedures as these therapies became available in clinical practice.
Data Analysis
Changes over time in patient's demographic and clinical characteristics and hospital treatment practices were examined using χ 2 tests for trends. Decade long trends in the hospital incidence and CFRs of cardiogenic shock were assessed using similar analytic methods. For ease of analysis and interpretation, we aggregated the 6 individual study years into 3 two-year periods, namely 2001/2003, 2005/2007, and 2009/2011 . In addition, we examined trends in the hospital incidence and CFRs of this study population subdividing those hospitalized in the initial 3 of the 6 years under study (2001, 2003, and 2005) when compared with those hospitalized during the latter 3 periods under investigation (2007, 2009, and 2011) . Logistic regression models were used to examine trends in the multivariable adjusted odds ratios for developing cardiogenic shock during the patient's index hospitalization and their corresponding hospital CFRs during the period under study, while controlling for several potentially confounding demographic and clinical factors of prognostic importance. The variables controlled for in our regression models were included either because they differed between our respective comparison groups at a P value of <0.25 or because they had been previously shown to be possible risk or prognostic factors for cardiogenic shock.
Human subjects approval for this coronary disease surveillance project was obtained from the Committee for the Protection of Human Subjects in Research at the University of Massachusetts Medical School.
Results

Study Population Characteristics
A total of 5686 patients were hospitalized with independently confirmed AMI at all 11 medical centers in central Massachusetts during 6 biennial periods between 2001 and 2011, who did not have cardiogenic shock at the time of hospital presentation. The mean age of this patient population was 69.9 years; 56.7% were men; 89.7% were white, and for 64.5% it was their first AMI.
Patients who were admitted for AMI during the most recent study years were more likely to be younger, white, and obese but were less likely to have do not resuscitate orders at the time of hospital admission and to be transported to area hospitals by ambulance, compared with those from earlier study years (Table 1) . Patients admitted during the most recent years under study were more likely to have previously undergone a percutaneous coronary intervention and had a greater prevalence of several chronic comorbidities. Patients who were admitted to all central Massachusetts medical centers during recent years were less likely to have developed many of the complications examined during their index hospitalization, in comparison with those hospitalized during earlier study years (Table 1) .
In examining differences in the baseline characteristics of patients who developed cardiogenic shock during their index hospitalization when compared with those who did not develop this serious complication (Table 2) , patients who developed cardiogenic shock were significantly older, were more likely to have a do not resuscitate order in their hospital medical record, to have been transported to all central Massachusetts hospitals by ambulance, to have had diabetes mellitus previously diagnosed, were more likely to have
WHAT IS KNOWN
• Previous observational studies have shown that the incidence of cardiogenic shock complicating acute myocardial infarction (AMI), and the associated mortality, remain high, despite improvements in the overall in-hospital prognosis associated with AMI. • A few recent international studies have, however, found improving short-term survival trends for cardiogenic shock, especially for shock developing during hospitalization for AMI compared with those presenting with shock at the time of hospital admission.
WHAT THE STUDY ADDS
• The frequency of cardiogenic shock that developed during hospitalization remained relatively unchanged during the decade-long period under study (2001-2011) among individuals hospitalized for AMI at all 11 metropolitan Worcester, Massachusetts, medical centers.
• The crude and adjusted odds of surviving shock developing during hospitalization for AMI improved during recent study years in this cohort.
• Increasing utilization of evidence-based cardiac medications and coronary reperfusion/revascularization strategies during hospitalization for AMI parallel the declines in death risks. developed a ST-segment-elevation myocardial infarction during their index hospitalization; had appreciably lower blood pressure, serum cholesterol, and estimated glomerular filtration rate findings but higher heart rate and serum glucose values at admission; and were more likely to have developed each of the major clinical complications examined, with the exception of stroke, and died during their acute hospitalization.
Hospital Treatment Practices
There were considerable increases over time in the proportion of hospitalized patients who received evidence-based cardiac medications and therapeutic interventions during their index hospitalization (Table 3) . Patients hospitalized during the most recent years under study were more likely to have been prescribed all evidence-based cardiac medications, including aspirin, angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers, beta-blockers, and lipid lowering agents, but were less likely to have received calcium channel blockers. These patients were also significantly more likely to have undergone cardiac catheterization or a percutaneous coronary intervention (Table 3) .
Incidence Rates of Cardiogenic Shock
Among the 5686 patients hospitalized with confirmed AMI during the years under study, a total of 210 (3.7%) developed cardiogenic shock after hospital admission. The crude incidence rates of in-hospital cardiogenic shock declined during the 6 individual years under study, albeit in an inconsistent, bimodal, and varying manner, from 4.5% in 2001 to 3.0% in 2011, with a nadir at 2.5% in 2009 (Figure 1 ; P for trend=0.12). Similar nonsignificant trends were observed when we analyzed trends in the hospital incidence rates of car- 
19).
A multivariable adjusted regression analysis was performed to examine the odds of developing cardiogenic shock during hospitalization for AMI while controlling for several factors of prognostic importance. The results of this analysis also did not demonstrate a decline in the multivariable adjusted odds of developing shock during the most recent years under study after controlling for several demographic and clinical factors that may have affected the risk of developing cardiogenic shock (Table 4) .
When we examined possible changes in the hospital development of cardiogenic shock during the first half of the 6 years under study (2001, 2003, and 2005 ; n=3250) compared with those who were hospitalized during the latter 3 years under investigation, namely 2007, 2009, and 2011 (n=2436), there was a nonsignificant decline in the hospital incidence rates of cardiogenic shock from 3.9% during the early years under study to 3.4% during the 3 most recent study years (P=0.32). When we simultaneously adjusted for several demographic and clinical factors that could have affected the likelihood of developing cardiogenic shock, we failed to find evidence of a decline in the multivariable adjusted odds of developing cardiogenic shock during the latter 3 of the 6 years under study compared with the first 3 years under investigation (adjusted odds ratio=1.10; 95% confidence interval=0.81, 1.49). Because the prompt initiation of evidence-based medications and aggressive coronary interventions for patients hospitalized with AMI could potentially prevent the development of early clinical complications, such as cardiogenic shock, we also examined trends in the frequency of cardiogenic shock during the initial 24 hours of admission for AMI. The results of this analysis showed a marked, but varying, decline in the frequency of cardiogenic shock during the initial 24 hours after hospitalization, declining from a peak of 2.7% in 2001 to a low of 1.4% in 2011 (Figure 1 ).
Hospital CFRs
Patients who developed cardiogenic shock were at significantly greater risk for dying during their acute hospitalization compared with those who did not develop shock (41.3% versus 7.3%; P<0.001). The crude biennial hospital death rates associated with cardiogenic shock showed a nonsignificant decline over time from 43.6% in 2001 to 34.8% in 2011 (P for trend=0.31); the death rates for AMI patients who did not develop cardiogenic shock also showed a marked decline over time from 9.9% in 2001 to 4.2% in 2011 (Figure 2) .
A multivariable adjusted logistic regression analysis was performed to examine trends in the odds of dying from cardiogenic shock after adjusting for several potentially confounding variables of prognostic importance (Table 5) . These analyses demonstrated a significant and consistent decline in the multivariable adjusted odds of dying after cardiogenic shock during the years under study. When we performed a similar analysis comparing patients hospitalized during the latter half of our study (2007-2011) compared with those hospitalized during the initial 3 years (2001-2005; referent period), we also found evidence of a multivariable adjusted decline in the odds of dying from cardiogenic shock (adjusted odds ratio=0.35; 95% confidence interval=0.16, 0.75).
When we also controlled for the receipt of several evidence-based cardiac medications and in-hospital cardiac catheterization, percutaneous coronary intervention, and coronary artery bypass graft surgery, there remained a significant decline in the multivariable adjusted odds of dying from cardiogenic shock during the most recent years under study 
Discussion
The results of this population-based observational study suggest that the frequency of cardiogenic shock complicating AMI has not declined during the decade long period under study, whereas the hospital death rates associated with the in-hospital development of cardiogenic shock have declined during recent years among residents of central Massachusetts hospitalized at all 11 medical centers in this large urban metropolitan area with AMI.
Patient's Risk Profile and Hospital Management Practices for AMI
Multiple studies have established the implications of patient's risk profile in terms of the risk of developing and dying from cardiogenic shock in the setting of AMI. [1] [2] [3] 7 For example, older patients and those with various cardiac comorbidities are known to be at particularly high risk for developing cardiogenic shock after AMI. 4, 18 Our analyses showed that the population of patients hospitalized with AMI changed significantly over time with regards to many demographic and clinical factors, patterns that were necessary to adjust for in examining decade long trends in the incidence, and hospital CFRs associated with cardiogenic shock. Furthermore, we presented differences in the characteristics of patients who developed, when compared with those who did not develop, cardiogenic shock during the years under study, finding differences between these 2 groups in a variety of demographic, medical history, clinical, and physiological factors.
It has been repeatedly shown in previous studies that the early initiation of evidence-based medical therapies and coronary reperfusion/revascularization strategies during AMI positively influences patient's hospital course and shortterm outcomes. 4, 6, [19] [20] [21] The American College of Cardiology/ American Heart Association guidelines for the management of AMI stress the importance of initiation of evidence-based cardiac medications and diagnostic/therapeutic cardiac procedures for optimal outcomes in patients hospitalized with AMI. [20] [21] [22] [23] Our observation of increased utilization of effective medical therapies and invasive coronary diagnostic and interventional procedures during the years under study likely contributed to the encouraging declines we observed in the short-term death rates associated with cardiogenic shock in this study. One needs to be careful in deriving any causal inferences from these observations, however, because of the potential for confounding by treatment indication in nonrandomized studies, such as ours, and that several additional confounding factors may have contributed to improved outcomes associated with different treatment practices that were not specifically examined in the context of our study.
Frequency of Cardiogenic Shock Complicating AMI
Unlike previous studies that had examined the magnitude of cardiogenic shock complicating AMI irrespective of its timing and had noted incidence rates ranging from 5% to 7% during the past several decades, 7, 12, 24, 25 our study examined the patterns of cardiogenic shock developing during hospitalization for AMI between 2001 and 2011, finding that nearly 4% of patients with AMI developed cardiogenic shock over this period.
The majority of previously published studies, 1, 2, 8, 26 including the findings from multinational randomized trials, such as the Global Utilization of Steptokinase and Tissue Plasminogen Activator for Occluded Coronary Arteries (GUSTO-I, 1990-1993), and the follow-up study (GUSTO-III, 1995-1997), had observed relatively stable trends in the frequency of this devastating complication over the past few decades, despite significant advances in the medical management of patients hospitalized with AMI. In contrast, a limited number of international studies, 10,11 including 3 nationwide French registries conducted 5 years apart, observed declining trends in the incidence rates of cardiogenic shock over time (6.9% in 1995; 5.7% in 2005) . There was a nonuniform decline in the incidence rates of cardiogenic shock observed in the Global Registry of Acute Coronary Events (GRACE) registry from Few studies have, however, examined trends in the incidence rates of cardiogenic shock and its timing. 10, [27] [28] [29] The Acute Myocardial Infarction in Switzerland (AMIS) Plus population-based registry study of >23 500 adults hospitalized with an acute coronary syndrome in medical centers throughout Switzerland examined trends in the incidence and treatment of cardiogenic shock between 1997 and 2006. The study investigators observed a significant decline in the frequency of cardiogenic shock developing during hospitalization for AMI (10.6% in 1997; 2.7% in 2006). On the other hand, the rates of cardiogenic shock present at the time of hospital admission remained constant at 2.3% during the years under study. 11 Our study demonstrated that the frequency of cardiogenic shock developing during hospitalization for AMI declined in an inconsistent and somewhat bimodal manner during the decade long period under study; these nonsignificant trends remained after controlling for a variety of other demographic and clinical factors that could have affected the development of cardiogenic shock.
In a secondary analysis, we examined trends in the timing of cardiogenic shock during the first 24 hours after hospital admission because previous studies had shown that those with early onset shock had different outcomes compared with those with late onset shock. [27] [28] [29] [30] For example, the Multicenter Investigation of Limitation of Infarct Size (MILIS) study in the 1990s noted that nearly half of the patients with an acute coronary syndrome, without shock on admission, developed cardiogenic shock within 24 hours of hospitalization 28 ; in the Danish Trandolapril Cardiac Evaluation (TRACE) study, ≈3 in every 5 patients who developed cardiogenic shock developed this complication within 48 hours after the onset of AMI. 27 These frequency estimates were comparable with our rates as well, where 60% of patients who developed cardiogenic shock did so within the initial 24 hours of hospital admission.
Hospital Death Rates
Patients who developed cardiogenic shock in this study were at nearly 6-fold greater risk for dying during their index hospitalization than patients who did not develop shock. Although the crude in-hospital death rates associated with cardiogenic shock decreased over time, these encouraging trends were further enhanced after controlling for several factors of prognostic importance among patients hospitalized with AMI during the most recent years under study.
Our observed declines in the hospital death rates associated with cardiogenic shock were comparable with declines in short-term mortality reported in other studies including the National Registry of Myocardial Infarction (60.3% hospital death rate in 1995; 47.9% in 2004), the Swiss AMIS Plus study (hospital CFR declined from 62.8% in 1997 to 47.7% in 2006), and several French national registries. 10, 11, 24 The improving survival rates associated with cardiogenic shock during the most recent years under study, especially after adjusting for several potentially confounding variables of prognostic importance, are likely explained by advances in the medical management of patients who develop cardiogenic shock, including the more extensive use of evidence-based supportive therapies such as positive inotropic agents and intra-aortic balloon pump, 27 as well as the more optimal treatment of all patients hospitalized with AMI. Our findings are also consistent with the results of the Should We Emergently Revascularize Occluded Coronaries for Cardiogenic Shock (SHOCK) trial that demonstrated the benefits of early revascularization in patients with AMI who develop cardiogenic shock in reducing short-and long-term mortality. 6, 31 In a recent analysis of data from the Nationwide Inpatient Sample from 2002 to 2011, patients with an AMI who were managed invasively experienced a significantly lower odds of dying in the hospital after cardiogenic shock than those managed conservatively, with these benefits also extended to elderly patients. 32 Furthermore, there were even broader implications of the enhanced medical management of patients hospitalized with AMI as there was also a marked decline observed in the hospital death rates of patients who did not develop cardiogenic shock during the years under study.
Study Strengths and Limitations
This study was carried out in a well-defined metropolitan area with sociodemographic characteristics similar to the US population as a whole. Despite the population-based design utilized, the absolute number of patients with cardiogenic shock remained relatively small compared with data from large national registries or multicenter randomized trials. Because our study included patients with AMI admitted to all hospitals in central Massachusetts that differed in their resources, individual clinician expertise, and treatment protocols, we were unable to examine the impact of these and additional related factors on our principal study end points. Our study does, however, provide a more real world perspective about the magnitude and outcomes of cardiogenic shock in patients presenting to the hospital with AMI.
Conclusions
Despite encouraging declines in the death rates associated with cardiogenic shock in patients hospitalized with AMI, cardiogenic shock continues to be a serious complication of AMI with a high death rate but one that is potentially preventable and treatable with early and aggressive identification of high-risk patients and effective medical management. Future studies remain needed to evaluate the efficacy of existing strategies for the prevention and management of cardiogenic shock during hospitalization for AMI and the development of protocols to ensure the optimal utilization of effective treatment strategies.
